The Ebbinghaus (Titchener) illusion was examined in a remote culture (Himba) with no words for geometric shapes. The illusion was experienced less strongly by Himba compared with English participants, leading to more accurate size contrast judgments in the Himba. The study included two conditions of inducing stimuli. The illusion was weaker when the inducing stimuli were dissimilar (diamonds) to the target (circle) compared with when they were similar (circles). However, the illusion was weakened to the same extent in both cultures. It is argued that the more accurate size judgments of the Himba derive from their tendency to prioritize the analysis of local details in visual processing of multiple objects, and not from their impoverished naming.
Cross-cultural studies have repeatedly suggested differences in the way two-dimensional images are coded (for reviews, see Deregowski, 1989; Nisbett & Miyamoto, 2005) . Particularly interesting are the finding that people from different cultures do not seem to access the global structure of pictorial objects equally readily and the finding that some cultures prioritize the analysis of the local details of an object (Deregowski, 1989) , whereas others prioritize the analysis of the global features (Nisbett & Miyamoto, 2005) .
The current research explored cross-cultural differences in the Ebbinghaus (Titchener) illusion, a perceptual phenomenon where the size of a central target object is affected by the size of surrounding inducers (see Figure 1 ). The illusion is sensitive to manipulations of the figural similarity (Choplin & Medin, 1999; Coren & Miller, 1974) and conceptual similarity (Coren & Enns, 1993) between the target and the inducers. Less illusion is normally found with increasing dissimilarity between the target and the inducers, suggesting the target and the inducers were grouped together less strongly. Population differences (e.g., with autistic children) have been observed for the illusion within Western society (Dakin & Frith, 2005; Happé, 1996; Happé, Briskman, & Frith, 2001 ; although see Ropar & Mitchell, 1999) , and given the known cultural differences in context sensitivity (Nisbett & Miyamoto, 2005) , a cross-cultural population may show a similar attenuated illusion if they have difficulty in accessing global structures of displays.
We conducted a comparison of the Ebbinghaus illusion between English and Himba participants. The Himba, who speak a dialect of Herero, are a seminomadic people in a remote area of northern Namibia, who have extremely limited access to Western technology and no formal education. They are cattle herders, and like those from other similar African cultures (Davidoff, 1975, pp. 88 -89; Eckl, 2000; Evans-Pritchard, 1940, p. 48) , precise recognition of individual cattle from their markings is critical to Himba culture. Nisbett, Peng, Choi, and Norenzayan (2001) argued that such practices can influence perceptual style. They contended that Westerners pay more attention to detail (analytical processing) than do Asian populations, who are more sensitive to the context (holistic processing). However, it could be that the Himba pay even greater attention to detail than Westerners because of their need to know the identity of individual cattle. In this respect, we note that the process of individuating animals requires processes that are clearly different from the global processing that is used in individuating faces (McNeil & Warrington, 1993) . Thus, our first hypothesis concerned a potential tendency among the Himba to prioritize the analysis of local details. Specifically, we predicted that if there is a local processing preference in the Himba, this attention to the target would lead to a reduction in the illusory effect caused by the inducers and would therefore lead to a reduction in the magnitude of the Ebbinghaus illusion. Furthermore, if the reduction derives from a change in attention, it could well be independent of effects due to inducer similarity.
There is another aspect of the Himba language that might predict a different pattern of performance in shape processing. The Himba possess very few shape terms (Roberson, Davidoff, & Shapiro, 2002) and no words for geometric shapes. In a replication of the category learning study by Rosch (1973) , Roberson et al. (2002) found that the Himba, unlike Westerners, learned irregular square, circle, and triangle shapes to be part of a category as easily as they learned the prototype examples. Furthermore, in a shapesorting task with the same materials, they grouped together stimuli that had strong local similarities, even if they were from different Western shape categories (square, circle, or triangle). These findings suggest that the absence of clear linguistic distinctions among different geometric shapes has perceptual implications, so that two shapes with strong local similarities, yet belonging to different Western categories, can be grouped together by the Himba.
Our second hypothesis therefore concerned a linguistic effect on grouping by similarity. It is derived from the larger question of whether concepts are relative to language, a theory for which there is increasing evidence from the study of perception (for reviews, see Roberson et al., 2002; Roberson, Davies, & Davidoff, 2000) . The effect of similarity between the target and the inducers (Coren & Miller, 1974) makes the Ebbinghaus illusion particularly suitable to test the effects of differences in linguistic labeling on perception. On the basis of linguistic relativity, it would be predicted that the Himba participants should experience more illusion than the English participants when the target and the inducers are different geometric shapes (e.g., circle vs. diamond). The Himba might even see an equal extent of illusion regardless of the similarity between the target and the inducers.
Method

Participants
Participants were 8 (3 men and 5 women) adult monolingual Himba from an isolated region in Northern Namibia (mean estimated age ϭ 30 years 10 months, range ϭ 20 -45 years). Their language contains no words for geometric shapes, like circles and squares. Further participants were 8 (3 men and 5 women) native English speakers (mean age ϭ 31 years 3 months, range ϭ 23-54 years). The English participants were Goldsmiths College staff volunteers or paid students. The Himba were rewarded in kind. No cases of abnormal vision were reported.
Stimuli
Stimulus configurations were presented in black on white cardboard paper (20 ϫ 15 cm) and consisted of a central target circle surrounded by inducing stimuli, which were large or small circles (similar inducers) or large or small diamonds (dissimilar inducers; see Figure 1 ). The center-to-center distance between the target and each inducer was 32 mm for the large inducers and 16 mm for the small inducers. Two stimulus configurations were presented simultaneously to participants on each cardboard. In the small inducers configuration, circle or diamond inducers were presented with a diameter of 4 mm, and the size of the central target circle remained constant at 19 mm in diameter. In the large inducers configuration, circle or diamond inducers were presented with a diameter of 32 mm, and the target diameter ranged from 17.66 mm to 22.15 mm, with 0.66-mm steps. Thus, there were two stimulus cards (17.66 and 18.32 mm) in which the target circle in the large inducers condition was smaller than the target circle in the small inducers condition (target size differences of -1.32 and -0.66 mm, respectively), one stimulus card in which the two targets were equal in size (target size difference of 0 mm), and five stimulus cards in which the target circle in the large inducers condition was the larger one (target size differences of 0.66, 1.32, 1.98, 2.64, and 3.30 mm). Thus, relative to the target in the small inducers condition of 19 mm, the size of the target circle in the large inducers condition was 93.1%, 96.5%, 100.0%, 103.5%, 106.9%, 110.4%, 113.9%, and 117.4%, respectively. The asymmetry in the stimulus set makes use of the fact that a reverse illusion does not occur (large inducers never produce the illusion of a larger target). Thus, some conditions in a symmetrical array would be highly redundant. The asymmetrical stimulus set also has the advantage that the middle stimulus is not veridical. Thus, neither random performance nor any strategy based on the range of target sizes in the large inducers condition leads to veridical performance.
Procedure
Blocks of eight practice trials were administered in which participants saw two circles: one that varied in diameter from 17.66 to 22.15 mm and another that remained constant at 19 mm. Participants were instructed to point at the larger circle, and training continued until they reached 75% accuracy within a block. All participants needed only one block of practice trials to reach criterion, except for one Himba participant who required two. After training, participants were pre- sented with a block of 40 test trials for each inducing shape condition (circles or diamonds, order counterbalanced across participants), with each block consisting of five randomly distributed trials of each target size in the large inducers configuration (ranging in size from 17.66 to 22.15 mm) presented together with a small inducers configuration. Stimulus cards were presented in horizontal orientation, and both within each block and within each target size in the large inducers configuration, the small inducers target was equally likely to occur on the left or on the right of the display. On each presentation of the two stimulus configurations, participants were asked to point at the target circle they thought was larger. These instructions were given with the help of a naive interpreter for the Himba participants. Viewing distance was approximately 45 cm. The experimenter immediately noted the answer down after every trial. During the test, participants received no feedback on the accuracy of their responses.
Results
For each participant, the frequency of choosing the target with large inducers was entered into a 2 (culture: English, Himba) ϫ 2 (inducer shape: circles, diamonds) ϫ 8 (large inducers target size: 93.1%, 96.5%, 100.0%, 103.5%, 106.9%, 110.4%, 113.9%, 117.4%) mixed analysis of variance, with repeated measures on the last two variables and participants as the random variable. Frequencies ranged from 0 (target with large inducers chosen on none of the five repetitions of a trial type) to 5 (target with large inducers chosen on all five repetitions of a trial type), so lower scores indicate more illusion. Not surprisingly, there was a main effect for large inducers target size, F(3, 38) ϭ 173.3, p Ͻ .001 (Greenhouse-Geisser corrected); p 2 ϭ .925: The target with large inducers was chosen more frequently when it was larger. There was also a main effect for inducer shape , F(1, 14) ϭ 22.75, p Ͻ .01; p 2 ϭ .619, with the diamond inducers producing less illusion than the circle inducers (see Figure 2 ). More important for the current investigation was a significant main effect for culture, F(1, 14) ϭ 9.88, p Ͻ .01; p 2 ϭ .414, with less illusion for the Himba participants (mean frequency of choosing the target with large inducers ϭ 3.11), compared with the English participants (mean frequency of choosing the target with large inducers ϭ 2.43). The main effect of culture is even more compelling because there was no Culture ϫ Inducer Shape interaction , F(1, 14) ϭ 3.08, p Ͼ .1, suggesting that the two cultures were similarly sensitive to variation in inducer shape. There were significant two-way Inducer Shape ϫ Large Inducers Target Size interactions, F(3, 44) ϭ 4.46, p Ͻ .01 (Greenhouse-Geisser corrected); p 2 ϭ .241, trivially because of ceiling and floor effects at the extreme large inducers target sizes (see Figure 2 ). For the same reason, there was a Culture ϫ Large Inducers Target Size interaction, F(3, 38) ϭ 5.13, p Ͻ .01 (Greenhouse-Geisser corrected); p 2 ϭ .268. The threeway interaction was not significant, F(3, 44) ϭ 2.24, p Ͼ .09.
We also computed the point of subjective equality (PSE) for each participant. We fitted the data, using the inverse cumulative distribution for a standard normal distribution to estimate each participant's threshold for deciding that the target with large inducers was the larger one. 1 There was a greater mean PSE for the English compared with the Himba participants, t(14) ϭ 3.62, p Ͻ .01. On average, the 19-mm target with small inducers was seen as the same size as a 20.061-mm target with large inducers by the English participants and was seen as the same size as a 19.296-mm 1 We fitted the following model to each participant's data from the circle and shape inducer conditions:
where p is probability of choosing the target with large inducers, (z) is the inverse cumulative distribution function for a standard normal distribution, k is the required threshold for deciding that the target with large inducers is the larger one (k ϭ 0 means no illusion, positive k values indicate illusion), d is the difference between the radius of the two circles (in millimeters), and is the standard deviation of the normally distributed noise, combined for the perceptual process (associated with the perceived difference in size between the two targets) and the decision process (normally distributed variability in the placement of the decision criterion). target with large inducers by the Himba participants. An analysis of the differences of PSEs from veridicality (0-mm size difference between the two target circles, large inducers target size 100%) revealed that both cultures experienced the illusion in the circle inducer configuration-for the English, t(7) ϭ 6.13, p Ͻ .001; for the Himba, t(7) ϭ 4.04, p Ͻ .01-but that only the English participants experienced the illusion in the diamond inducer configuration, t(7) ϭ 3.71, p Ͻ .01. The Himba participants' PSEs were not different from the veridical, t(7) ϭ 1.93, p Ͼ .09, in the diamond inducer configuration.
To directly test that overall size judgment accuracy was indeed greater in the Himba participants than in the English participants, we looked at how often the veridically larger target was selected by each participant, irrespective of whether this target had small or large inducers, and we calculated the overall accuracy score for each participant. Trials in which the size of the target with large inducers was identical to that of the target with small inducers (19 mm) were excluded from this analysis, because there was no correct answer here. As predicted, size judgments were significantly more accurate among the Himba participants (mean proportion correct ϭ .96) than among the English participants (mean proportion correct ϭ .83), t(9) ϭ 3.12, p Ͻ .02, with adjusted degrees of freedom after Welch-Satterthwaite correction for larger variance in English than Himba participants.
Discussion
Our results are straightforward: The Ebbinghaus illusion is experienced by both English and Himba cultures but is experienced more strongly by English participants compared with Himba participants. In addition, both cultures showed a reduction in illusion when the inducing shape changed from similar (circle) to dissimilar (diamond). Before discussing these results, we first want to discount any explanations of the findings based on a misunderstanding of instructions by the Himba participants or cultural differences in familiarity with test procedures. In fact, by experiencing less illusion than the English participants, the Himba necessarily provided more accurate size judgments than the English participants. The two groups required equally little practice, showing that the task was easily understood by the Himba. It is possible that the amount of practice was insufficient to ensure that the Himba participants continued to make size judgments in the test trials. They could, for example, have been judging the distance between the two circles. Although we cannot rule this out completely, it provides an explanation similar to the one we give, namely attention to local detail. We also rule out that their responses were random choices; this would have provided no reliable difference across conditions. An alternative possibility of showing a bias toward selecting the larger inducers rather than the larger target would not have shown the observed effect of the size of the targets with large inducers. It also would not have produced a modulation of performance by inducer shape similar to that of the English participants. It is reasonable to maintain that the Himba participants understood the task and paid attention to it.
The second hypothesis under test was the possibility that the Himba participants would see more illusion than the English participants in a condition where inducers were dissimilar from the target. The linguistic difference between the English and the Himba could have implied that the former would be more likely than the latter to group basic shapes like circles and diamonds more readily into distinct categories (Roberson et al., 2002) ; it would have followed that the diamond inducers should have reduced the magnitude of the illusion to a greater extent in the English compared with the Himba participants. This was clearly not the case: The Himba participants reliably experienced less illusion overall and, like the English participants, showed a reduction in the illusion between circle and diamond inducers. These results, therefore, do not suggest that the Himba see circles and diamonds as similar. Thus, with respect to Roberson et al. (2002) , an alternative to the impoverished naming explanation is now required for why the Himba categorized circles and squares together. It would seem more likely that a cognitive bias, such as local processing precedence, is responsible for the Himba forming many categories with small numbers of exemplars based on local detail.
Although there are many reports of visual illusions that reveal a difference between normal adult Western and isolated non-Western observers (Segall, Campbell, & Herskovitz, 1963 , 1966 , the current results are the first evidence of a visual illusion that demonstrates differences in the extent of grouping. The data seem to indicate that, when processing a configuration of multiple objects, the Himba do not show the precedence for global analysis that has been found in Western observers (Navon, 1977) ; instead, they are more likely to process the local features of a stimulus configuration. Thus, cultural variability in local versus global processing can lead to differences in subjective size perception, at least in the context of our task. A similar reduction in contextual sensitivity with the Ebbinghaus illusion has been shown in patients with autism (Dakin & Frith, 2005) , 4-year-old Western children (Kaldy & Kovacs, 2003) , and Western males (Phillips, Chapman, & Berry, 2004) . It is possible that these data too may be best explained by biases toward local processing.
